Abstracl -This paper presents a time-multiplexed plasma-etching method for high numerical aperture paraboloidal micromirrors By designing the appropriate opening and spacing of etching windows, one can fabricate micromirror arrays with varying focal lengths within one batch.
INTRODUCTION
Curved micromirrors have many applications in optical micro-electromechanical systems. For example, a high numerical aperture paraboloidal mirror can be integrated in a near-field ultra high-density data-storage device.
Compared to a sphere mirror, an ideal paraboloidal mirror has no spherical and chromatic aberration. However, highly precise fabrication and mass production technologies are critical issues for practical applications. In this study, we present a time-multiplexed plasma-etching method which achieves fabrication of different paraboloidal micromirror arrays within one batch by choosing the appropriate opening and spacing ofthe etching windows, and with carefully controlled timing. Each array consists of 70x70-100x100 micromirrors. (NA. 0.44-1.92)
FABRICATION
The time-multiplexed plasma-etching scheme of the mirror, which includes two SF, plasma etch steps and one oxygen plasma etch step, is shown in Figure 1 . Unlike deep reactive ion etching (DRIE), there is no passive cycle in this process, thus, there is no scalloping encountered on silicon sidewalls. A smooth surface can he obtained for mirrors, see Table I , It can be coated with aluminum for visible light reflection or gold for infrared reflection. 
EXPERIMENTAL RESULTS AND SUMMARY
The optical properties of the mirrors can be observed directly from the condensed filament image on the focal plane under an optical microscope, Table 1 . The detailed three-dimensional concave shapes were measured with a surface profiler (Figure 2 and 3) . In this process, the numerical aperture (NA) of a mirror depends on the rls ratio, Figure 4 . The paraboloidal micromirror arrays also can be masters for microlens array molding. Compared to microlens arrays produced by re-flow, this method will yield higher space-coverage lens arrays.
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